




Author(s)鈴木, 千里; 幸谷, 智紀; 満田, 賢一郎














$y’(t)=f(t, y(t),$ $y([t]),$ $\ldots,$ $y([t-r]))$
$y(j)=c_{j},$ $(j=0, -1, \ldots, -7^{\cdot}),$ $(t\geq 0)$
$s$ $P$ Runge-Kutta
. $r\geq 0$ , $[t]$ $t$
.
DDED (Delay Differential










(C) $[n, n+1)$ DDED . I
$y’(t)=H(t, y(t))+G(t, y([t]))$ , $(t\in[n, n+1))$
$H$ $t$ , $G$
$[t]$
2. Logistic Equation :
$y’(t)=ay(t)(1-y([t]))$
DDED




















$y’=f(t, y(t))$ ( $s$ $P$
) Runge-Kutta $(\mathrm{R}\mathrm{K})$
$y_{n+1}=yn+h \sum_{1i=}w_{i}k_{i}$ , $(n\geq 0)$
$\{$
$k_{1}=f(t_{n}, y_{n})$




$n$ $n+1$ , $t_{n+1}$
. ,
$\mathrm{R}\mathrm{X}$
$0\leq\alpha_{i}<1$ , $(i=2, \ldots, s)$
.
, $\mathrm{B}\mathrm{X}$
1 1 Euler , 2 2 Euler
, $\mathrm{R}\mathrm{K}$ , 3 3 Heun , NyStr\"om








$y’(t)=Ay(t)+ \sum_{i=0}^{r}Aiy([t-i])$ , $(t\geq 0)$
$y(j)=\hat{c}_{j}$ , $(j=0, -1, \ldots, -r)$













$B_{i}=(e^{A}-I)A^{-}1A_{i}$ , $(1\leq i\leq r)$ I
3. 1


























$\rho^{c}(w)=\det M(w)$ , $(w\in C)$
. $\rho^{C}(w)=w^{d\mathrm{x}(r+})\rho(11/w)$
, .
3. 1 3 .
(1) $\rho(z)$ $D$ .
(2) $\rho^{c}(w)$ $D$ .
(3) $M(w)(w\in D)$ . I
4 RK
DDED $\mathrm{R}\mathrm{K}$ , $t_{n}$
.
$h=1/m(m\geq 1)$ .





















(6) $H(A;h)= \sum_{i=1}^{\text{ }}w_{i}(\sum_{j=1}^{i}B_{i}j)$
$w_{i}$
$\mathrm{R}\mathrm{X}$ , $B_{ij}$




$y’=Ay$ $\mathrm{R}\mathrm{X}$ ( )




.. 1 1 Euler
$S(A;h)=I+hA$




$y_{n,0}$ $(n\geq 0)$ .












$m$ ( $dm\cross dm$







































, Heun $a- a_{0}$





$\rho_{m}^{c}(w)=\det M_{m}(w)$ , $(w\in.C)$
, $\rho_{m}^{c}(w)=W(r+1)(d\cross 1\rho m/w)$
, .
(1) $\rho_{m}(z)$ $D$ .
(2) $\rho_{m}^{\mathrm{c}}(w)$ $D$ .
(3) $M_{m}(w)(w\in D)$ . I
,
.
5. 2 $A$ ,
$\alpha=||A||$ .
$m0=L1L_{2(1}+\alpha+\gamma\alpha^{2}e^{\gamma\alpha})e2\alpha$






. . .- $\cap$
$\gamma=\sum_{k=2}^{r}\frac{1}{k!}(h\alpha)^{k2}-+\sum_{+k=p1}\mathrm{O}\frac{|\gamma_{k-p}|}{k!}(h\alpha)^{k2}-$
$L_{1}= \sup_{w\in D}||M-1(w)||$







(11) $\Lambda_{m}=\sum_{k=0}^{\infty}c_{k}^{m_{A^{k}}}$ , $C_{k}^{m}= \frac{1}{k!}-\frac{1}{m^{k}}$
6. 1 $A$













6. 2 $m\geq 1$ , $A$ $\alpha=||A||$
, $\Lambda_{m}$ , .
$|| \Lambda_{m}||\leq\frac{1}{m}(1+\alpha)e^{\alpha}$
$\Lambda_{m}$ (11) $C_{k}^{m}$
$k\geq 0$ $C_{k}^{m}\geq 0$ , $k>m$
$C_{k}^{m}=1/k!$ [3].
$|| \Lambda_{m}||\leq\sum_{k=0}^{\infty}Ckmk\alpha+km+\sum_{=1}^{\infty}\frac{1}{k!}\alpha^{k}$




. – , 2
$k=m+ \sum_{1}^{\infty}\frac{1}{k!}\alpha^{k}\leq\frac{1}{m}\alpha e^{\alpha}$ , $(m\geq 1)$
, 2
. I
5. 2 5. 1
. , $m_{0}$ $m>m_{0}$























$||W_{m}(w)||\leq L_{1}(||\Lambda_{m}||+||\Gamma \text{ },p||)L_{2}$
. $||\Lambda_{m}||$ 62
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$y(\mathrm{O})=10,$ $y(-1)=1$ , $(0\leq t\leq 15)$
$h=2^{-4},2^{-5}$ ,
$2^{-6},2^{-7},2^{-8}$ ,










. , DDED RK
Euler , Euler , RK ,
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